The effects of a chronic load of nonabsorbable sugars on intracolonic bacterial metabolism of carbohydrates and on H2 breath excretion are disputed. However, most of the discussion relies on indirect evidence or on results of in vitro studies. Thus, we attempted to assess directly and in vivo the effects on intracolonic metabolism of lactulose of a chronic oral load of this nonabsorbable disaccharide. 20 g of lactulose was given orally twice daily during 8 d to eight normal volunteers. In all, breath H2 concentration was measured on days 1 and 8 after ingestion of the morning lactulose dose. In four subjects, stools were collected during 2 d at the beginning and at the end of the lactulose maintenance period to measure fecal pH and daily outputs of carbohydrates and beta-galactosidase. The four other subjects were intubated on days 1 and 8 to measure the pH and the concentrations of carbohydrates, lactic acid, and volatile fatty acids (VFA) in the distal ileum and cecal contents. Moreover, 14C-lactulose was added to cold lactulose and 14CO2 breath outputs determined. Pulmonary H2 excretion fell from day 1 to day 8 (P less than 0.05), whereas 14CO2 excretion increased (P less than 0.01). Fecal water pH, lactic acid, and VFA concentrations did not vary between the two stool collection periods. 24-h fecal weight, fecal water, […] 
Introduction
Measurement of pulmonary hydrogen (H2) excretion is widely used to diagnose and quantify carbohydrate malabsorption (1) (2) (3) (4) (5) (6) . However the accuracy of the H2 breath test in the study of chronic carbohydrate malabsorption is debated (1). Perman et al. (7) showed that an 8-d oral administration of lactulose resulted in acidic stools and in a dramatic fall of H2 breath excretion after an oral load of this sugar or of lactose in Received for publication I August 1984. lactase-deficient patients. From stool homogenate incubations with various sugars, these authors concluded that the fall of H2 production was due to an inhibition of bacterial carbohydrate metabolism by the low colonic pH (7) . Unfortunately, they did not measure stool sugar outputs. If their statement was always true, lactose-H2 breath test could be erroneously normal in lactase-deficient patients ingesting every day large amounts of incompletely absorbed carbohydrates, including lactose itself. This is contradictory to the high sensitivity of lactose-H2 breath test in the diagnosis of lactase deficiency (5, 8) . Moreover, in lactase-deficient preterm infants receiving a lactose-containing diet, H2 breath excretion did not decrease with time, and even the amounts of unabsorbed lactose calculated from H2 production correlated well with lactose intakes (5) . Fecal pH was not measured in this study. A hypothesis based on colonic flora adaptation to the diet has been proposed to explain these contradictory data (1) . However, adaptation of colonic flora population levels or metabolic activities is itself a disputed concept supported by several studies (9-16), but not confirmed by other ones (9, (17) (18) (19) .
These discrepancies incited us to reinvestigate the effects of a repeated load of an unabsorbable carbohydrate on the intracolonic metabolism (including H2 production) of this sugar. In the first part of our study, Perman et al. (7) protocol design was applied to four normal subjects. Hydrogen breath excretion was found reduced after the 84 lactulose administration; however, fecal pH did not decrease and carbohydrates were not excreted in stools, whereas $-galactosidase fecal output increased significantly. These results suggested that lactulose chronic ingestion did induce a colonic bacterial adaptation in our subjects, and not the inhibition postulated by Perman et al. (7) . Thus, in a second group of four normal subjects, biochemical studies were directly performed on cecal fluid after a 20-g lactulose ingestion at the beginning and the end of the lactulose maintenance period. The results strongly suggest both an acceleration of lactulose catabolism and a modification of bacterial metabolic pathways.
Methods
Human subjects. Studies were performed in eight healthy human volunteers: two women and six men, aged 23-46 yr. All of them were nonmethane-producing subjects (20, 21) and had previously a lactose-H2 breath test consistent with normal lactose absorption. Informed consent was obtained; the subjects were aware of potential radiation hazards. The protocol was approved by the ethics committee of the Saint-Lazare Hospital.
Experimental design. All subjects remained on their accustomed diet and received twice daily for 8 d an oral load of 20 g lactulose (lactulose syrup: Duphar Laboratories, Villeurbanne, France). This will be referred to as the lactulose maintenance period.
(a) In four subjects (group A), 24-h stools were collected on days I and 2 (first period) and on days 7 and 8 (second period). Stools were immediately frozen at -20'C for further analysis. Stool weight, pH, carbohydrate outputs (lactulose, galactose, fructose, and glucose), j3-galactosidase activity, and volatile fatty acids (VFA)I were measured in total homogeneized stools.
(b) The four other subjects (group B) were intubated on the day before day 1 and on day 7 with a triple lumen tube tracted by a mercury bag which could be inflated with air through lumen 1 to accelerate tube progression. When the mercury bag had reached the cecum, as confirmed by a fluoroscopical check, the tube progression was stopped by deflating the bag and the subject had to stay in a semirecumbent position. Lumen 2, whose end was near the bag, allowed the sampling of cecal content. Lumen 3, ending 15 Table IV . Lactulose peak concentration and total duration of recovery decreased significantly from day 1 to day 8 (P < 0.02 and P < 0.01, respectively) (Fig. 4) , and this resulted in a reduced (P < 0.01) area under the curve of the sugar concentration. In cecal fluid, galactose and fructose were never recovered before lactulose ingestion and appeared in the same sample as lactulose. Galactose and fructose concentration curves were very close to each other and consequently are shown as a single curve on days 1 and 8 (Fig. 5) . Individual maximal concentrations of galactose and Glucose. In all subjects, glucose was detectable before lactulose ingestion in cecal fluid and its concentration was not modified by the lactulose maintenance period. Cecal glucose concentration gradually increased after lactulose ingestion to a late peak concentration of 18.6±4.7 and 9.5±2.1 mM on days I and 8, respectively (P < 0.01).
Lactic acid. Lactic acid (isomeres D and L) concentration curves were very different on days 1 and 8. On day 1, lactic acid concentration was still increasing at the end of the sampling period, whereas on day 8 the peak concentration occurred at 225±50 min and then the lactic acid concentration decreased (Fig. 6) . The highest mean concentrations were Figure 5 . Fructose (FRU) and galactose (GAL) concentrations in cecal fluid after 20 g lactulose ingestion on day I (circles) and on day 8 after the lactulose maintenance period (squares) for four subjects. Bars represent the SEM.
not significantly modified by the lactulose maintenance period. Nadir pH values were lower (P < 0.05) and occurred earlier (P < 0.05) on day 8 than on day 1. The duration of pH drop was shorter on day 8 (P < 0.05), and the pH came back to basal value in all subjects on day 8, but only in two of them on day 1 (Fig. 8) .
Discussion the molar
The intracolonic bacterial metabolism of unabsorbed carbo-1 to day hydrates is the matter of an increasing interest. It is the clue isovaleric for interpretation of H2 breath tests, and it may be the source Ale VI).
of both beneficial-caloric salvage-and adverse-induction Istion was of unpleasant symptoms such as excess gaz production effects.
Relevant to these points, the consequences of a prolonged oral load of nonabsorbable sugars on the colonic bacterial metabolism of carbohydrates are debated (1, 7): is this load inducing an inhibition, or on the contrary a useful adaptation of bacterial carbohydrate metabolism?
In the first part of the present study we evaluated the hypothesis formulated by Perman et al. (7) that chronic lactulose administration inhibits lactulose bacterial metabolism. The 24-h fecal excretion of lactulose and its constituent hexoses (fructose and galactose) was measured at the beginning and at the end of an 8-d oral load of lactulose with the same dosage as that used by these authors (7). Fecal sugar excretion was found to be very low and not statistically different between the two periods. These results could be anticipated because only one subject experienced initially a mild diarrhea, which Figure 7 . Total VFA concentrations in cecal fluid after 20 g lactulose ingestion on day I (circles) and on day 8 after the lactulose maintenance period (squares) for four subjects. Bars represent the SEM. '4Co2 pulmonary excretion. Increment in VFA and lactic acid cecal concentrations could not be accounted for by a decreased absorption rate, since the drop of intraluminal pH enhances the absorption of nonionic forms of these weak acids (29) . Our data not only strongly suggest a quicker bacterial catabolism of lactulose, but also support the hypothesis of a change in metabolic pathways. Indeed, H2 breath excretion decreased, whereas the molar ratio of acetic acid to total VFA and the concentration of lactic acid of cecal content increased significantly between days 1 and 8. A decrease in pH of cecal content markedly favour the growth of lactic acid producing bacteria such as Lactobacillus, Bifidobacterium, and Eubacterium species (14, 19) . These microorganisms are able to maintain an intracellular pH of 6.5 even in the presence ofan extracellular pH of 3.5 or less (30) . At such an acidic pH they remain good producers of f3-galactosidase. The catabolism of carbohydrates by these bacteria increases acetic and lactic acid production, and thus is responsible for a markedly decreased H2 production (11, 13, 14, 19, [30] [31] [32] . Furthermore, the dome-shaped curve of lactic acid cecal concentrations at day 8, contrasting with the plateauning of VFA levels, strongly suggests that chronic lactulose administration induced an increased number or activity of lactic acid-metabolizing bacteria. All studies on the effects of an oral load of nonabsorbable sugars failed to show any significant modification of bacterial flora populations (9, 33) , whereas studies of bacterial enzymes revealed marked changes (14, 31) . However, the enormous complexity of fecal flora makes the demonstration of population level changes very difficult. The use of gnotobiotic animals harboring selected bacteria from human colonic flora could be of great help in demonstrating both bacterial population and metabolic activity changes.
